Combining three mechanisms, we reanalysis processes of B → η ′ K(K * ), ηK(K * ) and calculate their branching ratios. The results are compared with other mechanisms in the literature. The striking feature of the gluon fusion mechanism is emphasized and its experimental test is discussed.
Introduction
Since the CLEO collaboration reported large branching fractions [1] :
BR(B ± → η ′ X s ) = (6.2 ± 1.5 ± 1.3) × 10 −4 (2.0 < P η ′ < 2.7GeV ),
BR(B ± → η ′ K ± ) = (6.5
+1.5 −1.4 ± 0.9) × 10 −5 .
It has received much attention because it is a great experimental achievement in rare B decays which are dominated by penguin contributions and the branching fractions are surprisingly large compared with earlier theoretical estimation.
Now it seems that we have a qualitatively reasonable interpretation of the semi-inclusive decay B → η ′ X s : It is due to the special property of η ′ which has anomalously large coupling to gluons. But as to the exclusive decay B → η ′ K there are still several possible mechanisms.
This is partly because it is less reliable to estimate exclusive decay than to semi-inclusive decay due to our complete ignorance of the hadronization process.
In the following we first carefully estimate the contribution from the conventional mechanism. We find that the terms, such as η ′ |sγ 5 s | 0 K − |sb | B − , are dominant terms if using Dirac equation to estimate them, but the large factors such as m η ′ ms have large uncertainties because the quark mass is uncertain, so we also use PQCD method to estimate them and get comparatively small result which indicates that we need new mechanisms to account for the experiment result. Secondly we discuss some possible new mechanisms. We find that if b →ccs → sη ′ is the dominant mechanism, the branching fraction of B → η ′ K * would be too large to fit the CLEO data. Thirdly we try to combine the mechanisms proposed in ref [6] (two gluons fusion) , ref [7] (non-zero f c η ′ contribution) and the conventional mechanism to compute the branching fractions of B → η ′ K(K * ), ηK(K * ). The results are compared with other mechanisms in the literature.
The article is organized as follows: Section 2 gives the theoretical formula for the decay amplitude of B → η ′ K using factorization assumption and Dirac equation, and some uncertainties in the formula are briefly discussed. Section 3 is devoted to the PQCD method to estimate the hadronic matrix elements such as η ′ |sγ 5 s | 0 K − |sb | B − . In section 4, some possible mechanisms are discussed and used to fit the data. Section 5 is for the concluding remarks.
Preview
The standard theoretical frame to estimate the non-leptonic B decays is based on the effective
is ) and BSW model [2] . But there exists large uncertainties in estimating the hadronic matrix elements like sγ 5 s | 0 and K − |sb | B − . The wave functions of B − and K − are:
where I C is an identity in color space. In QCD, the integration of the distribution amplitude is related to the meson decay constant
Then we can write down the amplitude of Fig.1 as
Compared with the widely used results
so, except for a −i factor,
In a consistent way, we can use perturbative QCD to estimate the matrix elements like (Fig.2, Fig.3 ), we have neglected the fermi motion of quarks, while the gluons in the Fig.2,3 are hard because
so, we can use perturbative QCD method to calculate the amplitude and it turns out to be
In order to get the quantitative estimation, we take the wave functions as [4, 5] 
we get
where we have neglected another term F ′ (p − q) µ which has negligible contribution to the
For simplicity, we will drop such terms like Table 1 , where we have taken
From Table 1 , we find that our PQCD results are sensitive to the values of parameter ǫ B and m b , and seem small compared with the BSW result:
In fact the PQCD results are comparatively small in many cases, however, we believe that the ratio
is more reliable because main uncertainties can be canceled. We can write down the matrix
With eq. (14), (18), (21), we find that the ratio is really not sensitive to the values of parameter ǫ B and m b .
If our results are right, the ratio where Dirac equation is used,
may be misleadingly large.
It is difficult to quantitatively estimate the hadronic matrix element η ′ |ūb | B − because we don't know the wave function of η ′ . Fortunately in the calculation of
Dirac , so we can reasonably
Dirac and get the estimation:
Because the term
in eq.(7)(using Dirac equation) only contributes about 10 % to the total amplitude, our PQCD estimation (eq.24) will not substantially change the total amplitude though it is not very precise.
For the hadronic matrix element
It contribute about 10 % to the total amplitude in eq. (7) although it has an uncomfortable large factor m B (ms−mu)
, so we can still neglect it safely.
From the above analysis, we obtain the revised conventional amplitude of
Taking V tb V * ts = −0.039, we get
(which is much smaller than the result of 3.5 × 10 −5 where Dirac equation is employed.) So we find that the conventional decay mechanism can not account for the experimental data.
We need some new mechanisms to interpret the experiment.
Some new mechanisms
There are several mechanisms which may enhance the decay rate of B ± → η ′ K ± , they all use the unique properties of η ′ [3] :
via QCD anomaly , it is important to the inclusive decay B → η ′ X s , but it seems difficult to realize its contribution to two−body exclusive
(ii) b → sgg → sη ′ [9] . Because the effective vertex of b → sgg is very small, it is impossible to account for the large B ± → η ′ K ± branching ratio.
(iii) Zhitnitsky [7] have proposed a hopeful mechanism that η ′ can be directly produced 
and the branching ratio for B ± → η ′ K * ± would exceed the upper limit of the experimental data. Furthermore, if we take the contribution from the conventional mechanism into account we find that the branching ratio BR(B ± → η ′ K * ± ) is larger than
, this strongly disagrees with the experiment [1] . So it is unlikely to be the dominant decay mechanism. In the following we tend to treat f c η ′ as a free parameter in the range of −40 MeV to 40 MeV to take into account the contributions of this mechanism.
(iv) Another possible mechanism is proposed in [6] . This mechanism is motivated by the fact that both the recoil between η ′ and K − and the energy released in the process are large. The gluon from b → sg vertex would carry energy about M B /2 and then materializes to η ′ and emits another hard gluon to balance color and momentum. This is a hard scattering process, and the perturbative QCD method is applicable. This mechanism is depicted in Fig.4 . We re-examine its contributions and the numerical results are presented in Table 2 . And we find that this mechanism is very important.
We do not discuss some other new mechanisms which involve new physics beyong the SM. We think that the contributions of the SM should be carefully examined first. So, in what follows, we try to combine the mechanisms (iii) and (iv) with the revised conventional amplitude eq.(28). The amplitude of mechanism (iv) is [6] 
, (30) and the amplitude of mechanism (iii) is
The total amplitude is
The numerical results are listed in Table 2 , where we have taken f 8 = 1.38f π , f 0 = 1.06f π . It is shown that a nonzero f c η ′ may be important to explain the experimental data. From Table 2 , one may note that f c η ′ = −30MeV seems fit the experiment better than f c η ′ = −15MeV . However, considering the uncertainties in estimating the branching ratios, for example the PQCD method often gives comparatively small result, we choose f c η ′ = −15MeV as an input parameter to estimate some other related channels, such as
We present a complete expression of the amplitude of B ± → η ′ K * ± as an example:
where
with
In the spirit of [6] , we can calculate M ′ iv . We take the wave function of K * as
where e is polarization vector of K * and after a direct calculation, we get
The numerical results are shown in Table 3 , where we have taken f K * = 180MeV and ǫ B = 0.06(0.07). It is shown that all predictions on the decays are under the upper limit of experimental data. Compared with the results of [3] and [10] ,we have very different
which is two orders larger than the predictions of [3] and [10] . If we use conventional amplitude used in the literature [3] and take into account the contribution of Mechanism (iv) [6] , the results are listed in the sixth column of Table 3 . We find that the branching
all agree with the CLEO results. However, the predictions for
where ǫ B = 0.06, which are still one order larger than other predictions [3, 10] . This character due to the mechanism (iv) can be tested in the near future.
Concluding Remarks
In this paper, we first carefully examine the conventional decay mechanism (using standard effective weak Hamiltonian and BSW model) which contributes to the exclusive decay
Instead of using Dirac equation, we use an alternative PQCD method to estimate the hadronic matrix elements like
and get comparatively small results. We find that the standard theorectical frame can only give
, which is too small to account for the experimental data.
We also discussed some new mechanisms within the SM, we find that f c η ′ = 140MeV will predict a large branching ratio of B 0 → η ′ K * 0 ,which is in disagreement with the experimental result, so the mechanism through b →ccs → sη ′ is unlikely to be dominant although its contributions to the decay B → η ′ K(K * ) are important. we combine the mechanisms of ref [7] , ref [6] and the conventional mechanism to interpret the experimental data. We find that the numerical results of BR(B ± → η ′ K ± ) are in good agreement with the experimental results and the predictions on the other decay channels are all under the experimental upper limit. It is interesting to note that we predict large branching fractions:
which are still under the experimental upper limit but much larger than the predictions of [3] and [10] . This can be tested in the near future. From Table 3 , we find that the large results mainly come from the two gluons fusion mechanism [6] 
